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Abstract
Objective: To investigate the value of serum triglyceride and fasting glycemic index in predicting no re�ow
in patients with acute myocardial infarction after percutaneous coronary intervention. Methods: A total of
1037 patients with acute myocardial infarction who received PCI in the Department of Cardiology of
Shanghai General Hospital and Jiading Branch of Shanghai General Hospital from January 2016 to May
2021 were retrospectively selected. According to postoperative TIMI blood �ow classi�cation, all patients
were divided into no re�ow group (TIMI blood �ow≤grade 2) (309 cases) and re�ow group (TIMI blood
�ow = grade 3) (728 cases). Clinical data, laboratory indicators and surgical information were collected
from the two groups of patients. Logistic univariate and multivariate regression were used to analyze the
independent risk factors of no re�ow in actue myocardial infarction patients after PCI. ROC curve was
used to analyze the best cut-off point for TyG index to predict the occurrence of no re�ow.

Results: The TyG index of no re�ow group was signi�cantly higher than of re�ow group (7.16±0.64 vs
6.63±0.38, P=0.001). Multivariate logistic regression analysis showed that TyG index(OR=1.484,95%Cl
1.203-1.831,P< 0.001);WMSI(OR=2.640,95%Cl1.036-4.722,P=0.039);CSI (OR=2.299,95%Cl1.117-
4.767,P=0.022) was independent predictors of no re�ow phenomenon in patients with acute myocardial
infarction after PCI .The area under the ROC curve predicted by TyG index after PCI without re�ow was
0.809,95%Cl(0.740-0.879),higher than CSI and WMSI.When the TyG index was 6.995, the sensitivity and
speci�city of Youden index were 82.4% and 70.3% respectively at the maximum.

Conclusion: TyG index can be used as an indicator to predict the occurrence of no-re�ow in patients with
acute myocardial infarction after PCI, which is helpful for clinicians to select high-risk patients and take
interventions timely, so as to reduce the risk of no-re�ow in patients after PCI.

Introduction
The pathophyseologic mechanism of acute myocardial infarction is rupture and erosion of unstable
plaque of coronary artery and sharp reduction or interruption of coronary blood supply[1].Myocardial
inadequacy of blood perfusion, acute ischemic necrosis occurs. The disease has the characteristics of
urgent onset and high fatality rate, which is a serious threat to human life and health. Percutaneous
coronary intervention (PCI) has become one of the important treatments of patients with acute
myocardial infarction (AMI), which can open the occluded coronary arteries in time, save the ischemic
heart muscle and improve the survival rate of patients. In clinical practice, we found that some patients
suffered from acute reperfusion injury due to PCI surgery, leading to poor prognosis. As a serious
complication of PCI surgery, “no re�ow” phenomenon has been proved to be associated with poor
prognosis in patients[2]. At present, the commonly used method used to evaluate the myocardial
perfusion for myocardial acoustic imaging(MCE).However,the examination is expensive and not suitable
for all people[3].Therefore, it is of great clinical signi�cance to �nd a simple indicator that can be used to
predict the occurrence of“no re�ow”in patients with myocardial infarction after PCI.
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At present, the occurrence mechanism of “no re�ow “phenomenon has not been clari�ed. Some studies
have shown that it is associated with coronary artery spasm and contraction[4], atherosclerotic plaque
embolization[5], and severe glucose metabolism disorders[6]. TyG index has been proved to be a novel
marker of insulin resistance[7], and is also associated with coronary atherosclerosis[8], glucose and lipid
metabolism disorders[9-10], and microvascular endothelial dysfunction[11]. The above factors are also
important pathological mechanisms for the occurrence of “no re�ow “phenomenon after PCI. At present,
most of the studies on TyG index and cardiovascular diseases focus on the analysis of prognostic value,
and there is no research report on the relationship between TyG index and “no re�ow” phenomenon after
PCI. The purpose of this study was to explore the relationship between TyG index in acute myocardial
patients and the absence of coronary re�ow after PCI, in order to provide clinical reference for the
prevention of the absence of re�ow.

1. Objects And Methods
1.1 Research Objects

This retrospective study included 1037 patients with acute myocardial infarction were
hospitalized and received PCI treatment in the Department of Cardiology of Shanghai General Hospital
and Jiading Branch of Shanghai General Hospital from January 2016 to May 2021, including 573 males
and 464 females, aged (64.84±13.68) years. All enrolled patients were divided into two groups according
to TIMI blood grade after PCI. Among them, 309 patients in no-re�ow group, including 181 males and 128
females, aged (65.76±12.68) years; 728 patients in re�ow group, including 406 males and 322 females,
aged (62.89±13.54) years.

Exclusion criteria:

 Patients with congenital heart disease, valvular heart disease, rheumatic heart disease, cardiomyopathy
and pulmonary heart disease;   Patients who had undergone PCI or coronary artery bypass grafting, had
the history of old myocardial infarction or decompensated heart failure;   Patients with con�rmed familial
hypertriglyceridemia; (4) Patients who had taken statins and triglyceride lowering drugs before admission;
(5) Severe liver and kidney insu�ciency Transaminase is greater than or equal to 2 times the normal
value GFR 60ml/(min*1.73m2 ;   Patients with autoimmune diseases, signi�cant infections, thyroid and
adrenal dysfunction, blood diseases, malignant diseases, and a history of surgical trauma 3 months
before admission.   Patients with fasting glucose level higher than 6.9 mmol/L or taking hypoglycemic
drugs.All study protocols of participants were reviewed and approved by The Medical Ethics Committe of
JiaDing branch of Shanghai General hospital and followed the recommendations of Declaration of
Helsinki.

1.2 Diagnostic criteria and de�nition

Acute myocardial infarction: Chest pain with new ST-segment changes and elevated markers of
myocardial necrosis to at least twice the upper normal value[12]. TIMI blood grade criteria: Grade 0: No
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forward blood �ow through infarct-related vessels; Grade 1: The contrast agent partially passes through
the diseased vessels, and the distal vascular bed cannot be completely �lled by the contrast agent; Level
2: contrast agent can �ll the entire vascular bed, but the �lling and emptyspeed is very slow, more than 3
cardiac cycles; Level 3: The contrast agent rapidly �lls the distal vascular bed and empties it rapidly over
3 cardiac cycles. No re�ow: postoperative TIMI blood �ow ≤2(Figure 1).Re�ow was de�ned as TIMI �ow
3.(Figure 2)

1.3 Research Methods:

1.3.1 General data: General clinical data such as gender, age, height, weight, hypertension and smoking
history of the patients were collected through the electronic medical record system.

1.3.2 Laboratory data: after admission, 3ml fasting elbow venous blood was collected from all patients
and placed in anticoagulant tubes for examination. Roche Cobas8000 automatic biochemical analyzer
was used to detect the blood biochemical indexes of patients, and SYSMEX XN-9000 automatic blood
cell analyzer was used to detect and analyze myocardial injury markers, blood routine and other items.
TyG index =Ln[serum triglyceride (mg/ dl) ×fasting glucose (mg/dl) /2]. All patients received oral aspirin
300mg, ticagrelor 180mg, and low molecular weight heparin 4100IU intravenously before surgery. Innova
3100 fully digital angiography machine was used, with iodipin as contrast agent. PCI operation and TIMI
blood grade diagnosis were performed by 2 or more experienced senior physicians with intervention
quali�cation.

1.3.3 Echocardiography and myocardial contrast echocardiography;

All patients underwent cardiac ultrasound and myocardial contrast echocardiography in the department
of cardiology of the hospital on the 5th day after admission. The patient was placed in left decubitus
position and underwent conventional ultrasound section, left ventricular long axis four-chamber view,
three-chamber view and two-chamber view respectively for cardiac ultrasound examination. After routine
cardiac ultrasound examination was completed, myocardial contrast echocardiography was performed.
Shanghai Bolai sulfur six �uoride microbubble powder injection was used as contrast agent. High
mechanical index (MI=0.57) was used to release high energy pulses to destroy microbubbles, and then
low mechanical index (MI=0.07) was used for contrast examination to observe the �lling of contrast
agent in each cardiac muscle segment. The following indexes were measured and recorded: left
ventricular diastolic diameter (LVIDd), left ventricular end-systolic volume (LVESV), mitral e-peak velocity
(MVE), mitral a-peak velocity (MVA), left ventricular mass index (LVMASSI), left ventricular ejection
fraction (LVEF), and ventricular wall motion index (WMSI). WMSI was calculated as follows: According to
the regulations of American Association of Cardiac Ultrasound[13], the left ventricular long axis four-
chamber, three-chamber and two-chamber sections were divided into 16 segments. Myocardium of each
segment was scored according to ventricular wall motion. Scoring criteria: 1 point: normal ventricular wall
motion; 2 minutes: the motion of the chamber wall was weakened; 3. The wall motion disappeared; 4
points: contradictory movement of chamber wall; WMSI= sum of scores of each segment/number of
summary segments[14]. After contrast, score was given according to the �lling degree of each myocardial
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contrast agent: 1: uniform and obvious perfusion of myocardial tissue; 2 points: mild uneven perfusion of
myocardial tissue; 3 points: myocardial tissue perfusion defect; Contrast agent score index (CSI)= sum of
fractions of each segment/total segment number[15].

1.4 Statistical treatment

SPSS 26.0 data software was used for statistical analysis. All measurement data were �rst tested for
normality, and the data conforming to normal distribution was expressed as (x±s). The comparison
between the two groups was performed by T test. Data that did not conform to the normal distribution
was represented by M(P25, P75), and non-parametric test was used for comparison between the two
groups. Enumeration data were presented as an example (%), and rank sum test was used for
comparison between the two groups. Pearson or Spearman correlation analysis was selected according
to whether the data type conforms to the normal distribution. Logistic regression analysis was used for
multivariate analysis. ROC curve was used to calculate the prediction cut-off point of TyG index with the
highest speci�city and sensitivity. Bilateral test was adopted, and the test level was P<0.05.

2. Results
2.1.Comparison of clinical and laboratory data of patients(Table 1)

The preoperative D-dimer, proportion of Killip class at admission 1,Peak CK-MB,neutrophil-lymphocyte
ratio, triglyceride, fasting blood glucose and TyG index in the no re�ow group were higher than those in
the re�ow group, and the systolic blood pressure at admission in the no-re�ow group was lower than that
in the re�ow group, with statistical signi�cance (P < 0.05).The rate of hospital death in patients without
re�ow was signi�cantly higher than that of patients with normal re�ow.

 

Table 1 Comparison of clinical and laboratory baseline characteristics between the no-re�ux group and
the re�ux group
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Variable no-re�ow  group

n=309

re�ow group

n=728

P value

Age,years 66.15±4.84 63.23±4.93 0.106

Male 156 50.49 352 48.35) 0.830

BMI,Kg/m2 25.38±2.52 25.16±2.23 0.606

Hypertension 160(51.78) 419(57.56) 0.618

Atrial �brillation 109 (35.28) 184 (25.27) 0.292

Smoker 170(55.02) 408(56.04 0.899

SBP at admission,mmHg 116.60±34.85 138.98±31.66 0.003

DBP at admission,mmHg 81.49±17.25 83.37±16.76 0.451

Heart rate at admission bpm 76.76±18.27 81.82±20.03 0.103

Killip class at admission 1 72(23.62) 75(10.30) 0.014

Echocardiography    

Preoperative LVEF 45.63±9.56 48.34±9.13 0.056

Preoperative use of medication    

Aspirin 24(7.77) 85(11.68) 0.679

β-blocker 22(7.12) 36(4.95) 0.778

ACRI/ARB 35(11.33) 86(11.81) 1.002

Biochemical indicators    

Peak CK-MB,u/l 2855.6±2246.2 1660.9±1380.2 0.001

Hypertroponin I(ng/ml) 18220.30±21765.49 13940.98±19973.21 0.471

NT-proBNP,pg/ml 3155.88±3860.49 2369.55±4762.09 0.287

Hs-Crp,mg/l 24.68±32.30 15.84±29.46 0.191

D - dimer,mg/l 2.26±4.91 1.31±2.33 0.027

White blood cells,10^9 10.78±3.69 10.43±3.27 0.495

Neutrophils 10^9 8.56±3.74 7.73±3.08 0.114

Monocytes,10^9 0.64±0.36 0.62±0.32 0.601

Lymphocyte,10^9 1.61±1.09 1.93±1.41 0.122

NLR 7.88±6.23 6.32±4.72 0.033
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HDL-C mmol/l 1.84±0.46 1.88±0.43 0.665

LDL-C mmol/l 3.27±0.69 3.01±0.71 0.087

TC mmol/l 4.61±1.28 4.48±1.02 0.513

TG mmol/l 2.58±1.33 1.45±0.94 0.011

FPG,mmol/l 5.43±1.36 4.97±0.56 0.007

TyG index 7.16±0.64 6.63±0.58 0.001

2.2 Comparison of angiographic features in the re�ow group with no-re�ow group(Table 2)

Patients in the no-re�ow group had longer operation time;higher proportion of aortic balloon
counterpulsation;higher proportion of TIMI blood �ow grade 0 and the rate of in hospital death than those
in the re�ow group.The difference was statistically signi�cant (P  0.05).

Table 2 Comparison of angiographic features between non - re�ux group and re�ux group
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Variable no-re�ux group

n=309

re�ux group

n=728

P value

operation time(min)    81.36±28.72 67.70±22.60 0.003

Number of stenosis vessels 0.108

1 63(20.39 242(33.24)

2 133(43.04) 215(29.53)

3 113(36.57) 271(37.23)

Interventional vascular

right coronary artery 109(35.28) 232(31.87) 0.731

 anterior descending 129(41.75) 339(46.57) 0.199

       circum�ex 71(22.97) 157(21.56) 0.022

Preoperative TIMI blood �ow 0.007

      0 level 245(79.29) 426(58.52)

≥1 level 64(20.71) 302(41.48)

Thrombus suction 123(39.81) 223(30.63) 0.066

Balloon dilation prior to stent placement 109(35.28) 184(25.27) 0.287

Balloon dilated after stent placement 139(44.98) 271(37.23) 0.318

reperfusion window 6.27±2.50 5.13±3.03 0.078

Length of stent implantation mm) 24.02±6.86 25.90±6.91 0.115

Diameter of the implanted stent (mm) 3.05±0.39 3.02±0.40 0.616

Use tiro�ban 158(51.13) 455(62.50) 0.209

Use Bivaludine 182(58.90) 345(47.39) 0.208

Ventricular tachycardia/ventricular �brillation 16 (5.18) 36(4.95) 0.311

Blood pressure decreased

during the operation

38(12.30) 61(8.38) 0.392

Intraaortic Balloon Pump 29 (9.40) 13(1.79) 0.003

Pacemaker placement 47(15.21) 49(6.73) 0.166

In hospital death 25(8.1) 19(2.6) 0.001
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2.3 Comparison of echocardiography and myocardial contrast echocardiography between the no-re�ow
group and the re�ow group(Table 3)

The indexes of cardiac ultrasound and myocardial contrast echocardiography on the 5th day after
admission of patients in the no-re�ow group and the re�ow group suggested that the Left ventricular end-
systolic volume(LVESV), Ventricular wall motion score index(WMSI) and Contrast agent score index(CSI)
of patients in the no-re�ow group were higher than those in the re�ow group, while the Left ventricular
ejection fraction(LVEF) was lower than those in the re�ow group, with statistically signi�cant
differences(P 0.05).

Table3 Comparison of echocardiography and myocardial contrast echocardiography between the non -
re�ow group and the re�ow group

Variable no-re�ux group

n=309

re�ux group

n=728

P value

LVEDV,ml 128.26±31.13 125.27±25.04 0.312

    LVESV,ml 62.78±20.98 49.83±14.56 0.023

         LVEF,% 51.34±8.03 56.93±8.75 0.039

         LVIDd,mm 53.06±6.23 48.93±6.16 0.357

         MVE,m/s 0.65±0.11 0.60±0.14 0.633

  MVA,m/s 0.75±0.16 0.71±0.13 0.599

LVMASSI,g/m2 106.74±24.28 96.45±23.47 0.108

       WMSI 1.46±0.19 1.18±0.14 0.016

 CSI 1.82±0.33 1.35±0.15 0.011

2.4 Logistic regression analysis of risk factors with no re�ow

In the multivariate regression analysis, variables such as duration of surgery and aortic balloon
counterpulsation were excluded, which were believed to be the result of the absence of re�ow after PCI.
Since the calculation of TyG index involved fasting blood glucose and   triglyceride, the risk factors
mentioned above were excluded in the multivariate analysis. Multivariate regression analysis showed
that TyG index;Ventricular wall motion score index(WMSI) and Contrast agent score index(CSI) were
independent risk factors for no re�ow after PCI, and the difference was statistically signi�cant (P < 0.05).
(Table 4)

Table 4   Risk factors of no-re�ow analyzed by Logistic regression analysis
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Variable     Monofactor  analysis Multivariate  analysis

  OR 95%Cl P
Value

OR 95%Cl P
Value

TyG index 1.590 1.313-
1.925

0.001 1.484 1.203-
1.831

0.001

D - dimer 2.520 1.289-
4.924

0.009 2.556 1.220-
5.351

0.113

NLR 1.056 1.000-
1.116

0.037 1.030 0.970-
1.094

0.290

Killip classi�cation 1 at
admission

2.544 1.183-
5.466

0.014 1.625 0.504-
3.168

0.599

LVEF 0.033 0.921-
1.383

0.018 1.534 0.754-
3.122

0.240

LVESV 1.311 0.684-
2.513

0.420 1.192 0.531-
2.678

0.676

      WMSI 3.603 1.532-
8.515

0.006 2.640 1.036-
4.722

0.039

CSI 2.589 1.343-
4,994

0.007 2.299 1.117-
4.767

0.022

2.5 ROC Curve Analysis 

The area under the ROC curve predicted by TyG index after PCI without re�ow was 0.809,95%Cl(0.740-
0.879),higher than CSI and WMSI.When the TyG index was 6.995, the sensitivity and speci�city of Youden
index were 82.4% and 70.3% respectively at the maximum.The area under the curve (AUC) of CSI and
WMSI are respectively 0.779 95%Cl(0.713-0.846) and 0.657 95%Cl(0.530-0.693). 

3. Discussion
In this study, we found that TyG index could be used as an independent predictor of no re�ow
phenomenon in actue myocardial infarction patients after PCI. To our knowledge, this is the �rst study to
evaluate the relationship between TyG index and the absence of re�ow after PCI.

With an increasing number of deaths due to acute myocardial infarction each year, PCI has become a
common surgical treatment for acute myocardial infarction in addition to conventional drug therapy. It
can open blood vessel in time, save ischemic myocardium.After PCI, there was still abnormal perfusion at
the myocardial level. This phenomenon of "no re�ow" was attributed to abnormal myocardial
microcirculation, resulting in serious damage of myocardial cells,has been proved to be associated with
short-term and long-term prognosis of patients[16]. And so it proved in our study,the rate of hospital death
in patients without re�ow was signi�cantly higher than that of patients with normal re�ow.
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Currently, the indexes commonly used in clinical evaluation of perfusion level include myocardial
perfusion color grading;cardiac PET-CT; myocardial contrast echocardiography and TIMI blood �ow
grading [17-18], both of which are invasive and expensive. Therefore, a simple index that can be used to
evaluate the myocardial perfusion level of patients after PCI is needed.

At present, studies have suggested that the occurrence of “no re�ow”phenomenon may be related to
factors such as in�ammatory state[19], coronary artery microcirculation disorder[20], vasospasm[21],
thrombosis [22]and so on. In our study, it was found that the D-dimer, Neutrophil-lymphocyte ratio,
triglyceride and fasting blood glucose of patients in the no re�ow group were all higher than those in the
re�ow group;which con�rmed the effect of the above factors and was consistent with the results of
previous studies[23-25].LVESV,WMSI,CSI also higher than the re�ow group;It is suggested that the
patients with no re�ow have poor blood supply and weak cardiac activity[26].

 Fasting glucose is mainly used to re�ect the secretion of insulin in the body. When the sugar content in
blood and tissues in the body increases, the body is prone to sugar metabolism disorder. Hyperglycemia,
on the one hand, it accelerates the injury of endothelial cells in the body[27]; On the other hand, high
fasting glucose level is also easy to promote the body thrombosis[28]. Triglycerides are mainly found in
very low density lipoprotein cholesterol and are easily converted to low density lipoprotein cholesterol in
the plasma. Low density lipoprotein cholesterol (LDL-C) is rapidly glycosylated to form AGE-LDL complex
under the condition of high blood sugar. AGE-LDL has a strong atherogenic effect, which has been proved
to be related to the absence of re�ow in patients after PCI[29]. TyG index combines two risk factors,
fasting blood glucose and triglyceride, to form a novel composite index. It has been shown to be
associated with hypertension[30], atherosclerosis[31], coronary heart disease[32], and myocardial
infarction[33], and poor prognosis for patients[34]. Based on the above research results, we speculated
that TyG index was related to the absence of re�ow after PCI. At the same time, this hypothesis has been
con�rmed in our study. Logistic multivariate analysis showed that TyG index could be used as an
independent risk factor for the occurrence of no re�ow phenomenon in STEMI patients after PCI.The area
under the curve is larger than traditional indicators:CSI and WMSI.Compared with CSI and WMSI, TyG
index can better predict the occurrence of non-re�ow after PCI.

At present, the mechanism of TyG index and no-�ow phenomenon is not clear. According to the existing
research results, it is speculated that the high insulin resistance level in the body may be related to
promoting the secretion of in�ammatory mediators, accelerating thrombosis and reducing collateral
circulation[35]. In patients with high insulin resistance, �brinolytic ability of the body is reduced, which
leads to platelet aggregation, and endogenous anti-�brinolytic substances (PAI-1), �brinogen, von
willebrand factor (VWF), X factor and other coagulant substances are signi�cantly increased[36]. All
these factors can lead to myocardial microcirculation disorder and no re�ow phenomenon.

This study has the following limitations: It is a single center retrospective study with a small sample size,
and there is selection bias. In addition, only acute myocardial infarction patients were included in this
study,the results of the study can not be generalized to other populations and patients undergoing
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 PCI.Lastly,Limited by the small sample size and event rate, the prognostic value of TyG index in acute
myocardial infarction patients after PCI was not further evaluated.

Conclusion
TyG index has important predictive value in acute myocardial infarction patients with no re�ow after
PCI.It is used for risk strati�cation of patients at high risk of no re�ow before PCI.Timely preventive
measures were taken to reduce the occurrence of no re�ow after operation.
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Figures

Figure 1

A 55-year-old male was diagnosed with acute inferior wall myocardial infarction.His TyG index was
calculated at 7.28.a.The RCA was completely occluded below the proximal segment, and the anterior �ow
was TIMI0.b.ThrombusterII thrombus aspiration catheter was administered to coronary thrombus
aspiration and reexamination and angiography.c.rapamycin stent (Excel 3.5*36mm 14ATM) was
implanted at the RCA d.Re-examination and angiography showed that there was no re�ow below the
middle segment of RCA.(TIMI �ow 1) TyG index serum triglyceride and fasting glycemic index;RCA Right
coronary artery TIMI thrombolysis in myocardial infarction.
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Figure 2

A 58-year-old male was diagnosed with acute inferior wall myocardial infarction.His TyG index was
calculated at 6.44.a.RCA was completely occluded below the proximal middle segment, with local
thrombotic shadow and TIMI0 grade of forward �ow.b.2.0*15mm balloon predilation of RCA near
midcourse lesions.c.Implantation of rapamycin drug stent (Partner 3.5*36mm)for RCA near midcourse
lesions.d.TIMI 3 �ow was obtained at RCA artery. TyG index serum triglyceride and fasting glycemic
index;RCA Right coronary artery TIMI thrombolysis in myocardial infarction.
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Figure 3

Legend not included with this version


